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Abstract 
The aim of this paper is to construct a model describing the roles of KIS in the growth of regions. Application of structural 
equation modeling (SEM) revealed the different roles of KIS in developed and less developed regions. The models show 
KIS does not work appropriately in either group of regions and its impact on growth is only indirect, even in developed 
regions: in the less developed regions KIS influences innovations and productivity and industry is inefficient; in the 
developed regions, in turn, KIS plays a key role also as a mediator with high-tech industry, inducing growth in various 
ways.  
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1. Introduction 
For a long time services have been considered as a much lower productive activity than manufacturing, mainly 
because of the intangible outputs, invisible innovations (Gallaher & Petrusa 2006) and different innovation 
processes (Castellacci 2008), but this was partly due to difficulties in measuring service productivity 
accurately (Biege et al. 2013). Over the last few decades, by introducing different kinds of service 
productivity measurement techniques (Dhrymes 1963; Levitt 1972; Chitwood 1974; Jones 1988; Grönroos & 
Ojasalo 2004; Petz et al. 2012), it has become possible to compare the productivity of both service and 
industrial sectors. It became apparent that companies in service sectors achieve a higher level of productivity 
than in industrial sectors (Castellacci 2008), especially in IT services, caused mainly by innovation-based 
technological progress (Chou & Shao 2014). What is more, higher productivity entailed faster growth 
of regions. Thus, the most developed and richest regions (with the highest GDP per capita) are regions with 
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the biggest share of knowledge-intensive services (KIS) in the economy (Wintjes & Hollanders 2010; Ajmone 
& Maguire 2011; Pylak & Chaniotou 2013), in which knowledge capital can explain their comparative 
advantage (Nishioka 2013).  
These findings may mean that the role of KIS in regional development can be tremendous, especially 
in developed regions (Petz et al. 2012). The highest productivity of KIS (including KIBS) sectors (Castellacci 
2008), occurrence in regions with the highest GDP per capita (Nishioka 2013; Pylak & Chaniotou 2013) and 
the most rapidly growing sectors of the economy (Strambach 2008) have inspired us to analyze the role of KIS 
in the economy in more depth. Thus the aim of paper is to investigate the development evolutions taking place 
in different regions, in which KIS participates directly and indirectly. One major challenge is therefore 
to construct a model in which integrated view of KIS characteristics can be combined with other development 
factors and all the factors leading to growth can be measured and quantified. Therefore, we have constructed 
a structural model of the economy, using the innovation-driven development factors. As a result, the theory 
of KIS’s impact on growth can be confirmed. 
The paper is structured as follows. The next section explores and clarifies the theoretical foundations 
of KIS performance and inputs and outputs influencing their growth potential. The third section lays out the 
empirical design, including model design, hypotheses, preparation of data and selection of the research 
method. The fourth section presents and discusses the empirical results of analysis, regarding structural model 
of the development evolutions and the role of KIS; and the fifth offers a conclusion. 
2. Knowledge intensive services and growth 
Knowledge-intensive services (KIS) are well defined in the literature and practice. Eurostat defines within KIS 
knowledge-intensive high-tech services, knowledge-intensive market services, knowledge-intensive financial 
services and other knowledge-intensive services (Schricke et al. 2012). Apart from KIS, Eurostat also defines 
less knowledge-intensive services (LKIS), which are outside the sectors of KIS. Furthermore, within the KIS 
category, knowledge-intensive business services (KIBS) can be distinguished. These provide specialized 
knowledge and technical solutions like software, R&D, engineering and consultancy (Castellacci 2008) and 
focus on the demand side (Schricke et al. 2012). There are also other taxonomies of services, like the 
pioneering work of Miles et al. (1995): technology-intensive (T-KIBS), management consulting activities and 
personal services (P-KIBS) or the fairly new taxonomy KIBS, network infrastructure services, physical 
infrastructure services, supplier-dominated services (Castellacci 2008). Nevertheless, in the study we use KIS 
as a whole sector inducing growth.  
Growth can be caused mainly by both growth in employment and growth in labor productivity (Uppenberg 
& Strauß 2010), but KIS, including KIBS, definitely affect the latter factor of economic growth 
(Desmarchelier et al. 2013; Pylak & Majerek 2014 (forth.)), and its impact on growth can be measured in two 
dimensions. Firstly, productivity can be increased in the KIS sector itself (Levine & Prietula 2012; Masso & 
Vahter 2012; Santos-Vijande et al. 2012; Liu 2013; Palvalin et al. 2013).  
Secondly, and most importantly, KIS can enhance the productivity in manufacturing and industry 
as a whole (Doloreux & Shearmur 2012, 2013). For a long time the service sector and industry were analyzed 
separately (Castellacci 2008), but at the end of past century there were first attempts to analyze the innovation 
processes regarding the two sectors and relations between them (Park et al. 2012), and especially using 
an inversion perspective, in which KIS was an important input to other sectors’ innovation (Djellal et al. 
2013). Their importance, especially when knowledge-intensive business services (KIBS) are concerned, can 
be explained by the necessity of providing expertise for increasingly specialized companies and the entire 
economy (Consoli & Elche-Hortelano 2010), so they play a crucial role as a knowledge carriers, producers 
and mediators in the economy and contribute to innovations (Strambach 2008). Effective KIS require 
517 Korneliusz Pylak and Dariusz Majerek /  Procedia Economics and Finance  14 ( 2014 )  515 – 524 
intensive cognitive relations, in which clients share knowledge items vital for successful solutions with KIS, 
then the latter companies give feedback with technical and applicative knowledge (Scarso & Bolisani 2012). 
In their work, KIS need several kinds of key capabilities of knowledge management, service productization, 
project management and relationship orchestration (Ritala et al. 2013). Usually KIS respond to the specific 
needs of the local market and exchange knowledge with customers constantly (Bolisani & Scarso 2013) 
by a specific social mechanisms (Catey 2012) using acquired knowledge for organizational learning and thus 
achieve higher innovativeness and a competitive advantage (Santos-Vijande et al. 2012). Organizational 
learning is crucial for KIS, but also when the customers derive from different industrial sectors, KIBS may 
cause positive changes in the innovativeness or productivity of other sectors, with an indication of ICT 
(Cardona et al. 2013). This is because KIBS are characterized by the possibility to de-contextualize 
knowledge and transfer it to other sectors, thereby accelerating diffusion of implicit knowledge and its spatial 
dispersion between sectors. Thus they contribute to dynamic stability, renewal or even creating new paths 
of regional development as they are not limited to the knowledge from one sector (Strambach 2008). 
3. Empirical design 
3.1. Model design 
The theory of growth based on innovations developed by or in cooperation with KIS companies 
is unambiguous (Masso & Vahter 2012). Thus the model needs to clarify the role of KIS in the development 
process. KIS mostly contribute to the innovation processes leading to technological capital growth, and thus 
to productivity growth in the clients’ sectors of the economy (Evangelista et al. 2013). The proxies for 
technological capital can be the number of patent applications (output indicator of innovation) used (Marrocu 
et al. 2013) and productivity will be measured by gross value added in the entire economy and in industry, 
reflecting the productivity in KIS clients’ sectors. The growth of economy will be measured by GDP per 
capita. All these variables will be dependent variables in our model, while we treat KIS and high-tech 
variables as independent variables. The model is presented on Figure 1. 
Before we analyze the possible roles of KIS in the development process, it has to be stressed that this role 
can be different in different regions and development processes and specificity may differ across the groups 
(Marrocu et al. 2013; Pylak & Chaniotou 2013; Pylak & Majerek 2014 (forth.)). Thus, we hypothesize that: 
Hypothesis 1: KIS role in the development process vary between regions. If the hypothesis is confirmed, all 
below mentioned hypotheses have to be confirmed separately for groups analyzed.  
Then, in summary, previous empirical studies and a literature review lead us to examine some direct and 
indirect processes of inducing the growth by KIS. First, we analyze a direct relationship with growth 
concerning growth factors other than productivity, then we analyze all possible relationships: Hypothesis 2: 
KIS directly induces growth. This means the higher the presence of KIS in the economy, the greater growth is, 
or the higher the service specialization in KIS, the greater growth is. Hypothesis 3: KIS directly induces 
productivity and indirectly induces growth. This means the higher the presence of KIS in the economy or the 
higher service specialization in KIS, the greater the productivity or the productivity in industry is AND the 
higher the productivity or the productivity in industry, the greater growth is. Hypothesis 4: KIS directly 
induces innovation outputs and indirectly induces productivity and growth or directly growth. This means the 
higher the presence of KIS in the economy or the higher service specialization in KIS, the greater innovation 
outputs are AND the higher innovation outputs, the greater productivity or productivity in industry is AND 
the higher the productivity or the productivity in industry, the greater growth is. Hypothesis 5: KIS has direct 
relationship with high-tech industries, which induce growth directly or indirectly. In this hypothesis we 
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analyze KIS’s relationship with high-tech (presence or specialization in both case) and then possible 
influences of high-tech sectors on innovation outputs and/or productivity and/or growth.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.Assumptions of structural equation models of KIS and high-tech sectors influencing innovativeness, productivity and growth. 
Although hypotheses concern the role of KIS in the economy, in the model all possible relationships will 
be taken into account. Thus, the starting model in both groups will be characterized by the following 
equations: 
ݕହ ൌ ߚହଵݕଵ ൅ ߚହଶݕଶ ൅ ߚହଷݕଷ ൅ ߚହସݕସ ൅ ߛହଵݔଵ ൅ ߛହଶݔଶ ൅ ߛହଷݔଷ ൅ ߛହସݔସ ൅ ߛହହݔହ ൅ ߞହ (1) 
ݕଵ ൌ ߛଵଵݔଵ ൅ ߛଵଶݔଶ ൅ ߛଵଷݔଷ ൅ ߛଵସݔସ ൅ ߛଵହݔହ ൅ ߞଵ (2) 
ݕଶ ൌ ߛଶଵݔଵ ൅ ߛଶଶݔଶ ൅ ߛଶଷݔଷ ൅ ߛଶସݔସ ൅ ߛଶହݔହ ൅ ߞଶ (3) 
ݕଷ ൌ ߛଷଵݔଵ ൅ ߛଷଶݔଶ ൅ ߛଷଷݔଷ ൅ ߛଷସݔସ ൅ ߛଷହݔହ ൅ ߞଷ (4) 
ݕସ ൌ ߛସଵݔଵ ൅ ߛସଶݔଶ ൅ ߛସଷݔଷ ൅ ߛସସݔସ ൅ ߛସହݔହ ൅ ߞସ (5) 
where: ݕͷ  means growth parameter described by regional gross domestic product per capita in constant prices (GDP); ݕͳ  means 
productivity parameter described by regional gross value added, total activities per worker (GVA); ݕʹ means productivity in industry 
parameter described by GVA in industry, including energy (GVA_IND); ݕ͵ means unemployment rate (UNEMPL); ݕͷ means population 
density (POP); ݔͳ means specialization of industry parameter described by high and medium high-technology manufacturing as % of 
total manufacturing (HIGH_MAN); ݔʹ  means presence of high-tech parameter described by high and medium high-technology 
manufacturing as % of total employment (HIGH_EMPL); ݔ͵ means specialization of services parameter described by KIS as % of total 
services (KIS_SERV); ݔͶ  means presence of KIS parameter described by KIS as % of total employment (KIS_EMPL); ݔͷ  means 
innovation outputs parameter described by patent applications per million inhabitants (fractional count; by inventor and priority year) 
(PCT_INH). 
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3.2. Preparation of data 
The empirical evidence is based on the OECD statistic database on 396 regions. We use OECD data to get 
insight into different regions all over the world, not only in the EU. This dataset provides relevant and up-to-
date information on KIS and high-tech, innovative outputs, productivity and growth, thus making it possible 
to analyze some major features of the role of KIS in the development. The data set covers the period 1990-
2012 and is characterized by quite large amounts of missing data. Because the smallest amount of missing 
data could be found in years 2005-2010, only these data were taken into account during analysis. Indicators 
used in analysis are the arithmetic mean of values from this period. Missing data were imputed by a k-NN 
algorithm. Many indicators used in the study were characterized by a large positive skewness, suggesting the 
lack of normal distribution, concerning both the boundary and the total distribution. By applying Box-Cox 
transformation, asymmetries were removed to achieve distributions close to normal. 
3.3. Selection of the research method 
The theoretical model presented above is characterized by the complex structure of relationships between the 
various parameters. Thus the most appropriate technique for testing and estimating development processes 
in the economy is structural equation modelling (SEM), which is used increasingly in the social sciences 
(Rindskopf 1984; Chen et al. 2001; Cho & Pucik 2005; Dibrell et al. 2008; Zeng et al. 2010; Breinlich et al. 
2014), and in KIS productivity analysis, in particular (van Oort et al. 2009; Masso & Vahter 2012). SEM 
allows one to analyse multiple connections at the same time, not excluding the interactions between 
exogenous variables. Structural models combine the advantages of regression analysis and factor analysis, 
which allow one to study the relationships between latent and manifest variables. 
For generalizing the conclusions of the SEM results, the data must meet several assumptions: (1) During 
estimation of the structural parameters of the model, variables taken into account in the analyses are supposed 
to have multivariate normal distribution. In practice, they are only required to have skewness and kurtosis 
of the multivariate normal distribution (Johnson & Wichern 2007); (2) Secondly, it is assumed each observed 
variable has to have the homogeneity of variance (especially in the Maximal Likelihood estimation method); 
(3) Thirdly, the character of the relationships described by the structural model has to be linear; (4) Moreover, 
the number of variables selected for analysis in relation to the number of cases in the data set should 
be in a ratio of from 1:5 to 1:20.  
All the above mentioned assumptions are met, and in addition, the data were standardized before the 
construction of the model so as to compare relationships on the basis of the structural parameters. 
3.4. The measure of model fitting 
To assess the correctness of the proposed model, a number of measures of model fitting are used. They are 
based on a comparison of the correlation matrix of the variables observed and implied correlation matrix, 
which is determined on the basis of the model. In the case of two well-fitted model matrices, they should 
largely overlap. The most commonly used statistics include: (1) Chi-squared test – well-fitted models are 
characterized by a low-level of the F2 statistics and p close to one; (2) Root mean squared error 
of approximation (RMSEA) – values close to zero indicate a good fit; (3) Goodness of fit index (GFI) – 
if values are close to one, models are well-matched (Jöreskog & Sörbom 1986). 
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4. Empirical results and discussion 
As a first step, we need to confirm hypothesis 1, thus we need to create models for different groups of regions. 
Because we have only 396 cases, it is possible to create only two groups. Thus we applied cluster analysis 
to indicate two homogenous groups of regions referring to given indicators. The division was generated 
referring to the main parameters of the conditions of the regions’ economy, thus groups of better and less 
developed regions were created. The sizes of the individual groups were 204 and 192 respectively, which is 
a sufficient quantity for SEM. The results are presented in Table 1.  
Table 1. Characteristic of two clusters of regions used in the analysis. 
Indicators Developed regions’ group Less developed regions’ group 
Standardized mean Standard deviation Standardized mean Standard deviation 
(y1) GVA 0,266847 1,205397 -0,362150 0,401376 
(y2) GVA_IND 0,420295 1,075183 -0,570401 0,474803 
(y3) UNEMPL -0,491337 0,535336 0,666814 1,094909 
(y4) POP 0,010487 0,926024 -0,014232 1,095128 
(y5) GDP 0,416350 1,031188 -0,565046 0,601684 
(x1) HIGH_MAN 0,449331 0,888576 -0,609807 0,801429 
(x2) HIGH_EMPL 0,187563 0,947639 -0,254550 1,015575 
(x3) KIS_SERV 0,157117 1,292378 -0,213230 0,124493 
(x4) KIS_EMPL 0,518554 0,843478 -0,703752 0,729966 
(x5) PCT_INH 0,450091 1,080195 -0,610838 0,356785 
 
The first group achieves values for all indicators that are higher than average, apart from unemployment rate; 
thus we can identify this group as ‘developed regions’. The second group obtains opposite values 
of indicators, so it can be identified as ‘less developed regions’. Neither group shows specialization. 
Developed regions are characterised by both high a share of KIS and high-tech industries in the economy, 
although the difference in the latter variable is one of the smallest. In terms of KIS and high-tech 
specializations, the reverse is the case. The share of high-tech in industry differentiates the groups 
significantly, but the share of KIS in service sectors is not as distinguishing. The results confirm the 
specialization of more and less developed regions (Marrocu et al. 2013; Pylak & Chaniotou 2013), where the 
first mentioned regions are more KIS specialised, and although they have a little higher level of high-tech 
industries in the economy, most of the industrial companies belong to high-tech industries. Furthermore, the 
unemployment rate is much lower than in the second group. Less developed regions are more industrialized, 
where high-tech is not a big share and KIS are not so common in the economy.  
The second step of the analysis included the creation of structural models. Both models created are well 
fitted. Indicators of model fitting for the developed regions show that the structural equations describe the 
complexity of the phenomena well (F2 = 1.585, p = 0.663, RMSEA = 0.000 and GFI = 0.998). One model 
built for the group of less developed regions has statistics F2= 0.062, p = 0.804, which is a very good fit. Also 
the other two fit measures shows convergence of the model (RMSEA = 0.000, GFI = 1). 
This means, structural equation modelling revealed two models of growth, in which KIS are presented 
as a manifest variable. Because the models achieved high convergence, they broadly reflect the real 
economies. Nevertheless, both models are different concerning structural model parameters and regressions 
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between parameters, which means that developed and less developed regions experience different growth 
paths and KIS plays different roles in each group of regions. Thus hypothesis 1 is confirmed.  
As far as the next hypotheses are concerned, in the course of the analysis, some of the structural parameters 
were statistically insignificant in both the developed and less developed group of regions. Therefore, they 
were removed from the models in the stepwise procedure, i.e. removing the most insignificant parameters 
individually. The final models are as follows: (a) for developed regions: 
ݕହ ൌ ͲǤͳͻʹݕଵ ൅ ͲǤͳͻͻݕଶ െ ͲǤ͵͹ݔଶ െ ͲǤͳͶͷݔଷ ൅ ͲǤͷ͸ʹݔହ ൅ ͲǤͶͶʹ (6) 
ݕଵ ൌ െͲǤʹͶͷݔଶ ൅ ͲǤͳ͹Ͷݔଷ ൅ ͲǤͻʹͳ  (7) 
ݕଶ ൌ ͲǤͶͶ͹ݔଵ െ ͲǤͷͷͳݔଶ ൅ ͲǤͳ͹ʹݔଷ െ ͲǤͳͳͶݔହ ൅ ͲǤ͹͵ʹ (8) 
and (b) for the less developed regions: 
ݕହ ൌ ͲǤͶʹͷݕଵ െ ͲǤʹʹʹݔଷ ൅ ͲǤ͵ͺͷݔହ ൅ ͲǤͷͶ͹  (9) 
ݕଵ ൌ െͲǤʹͶͺݔଷ ൅ ͲǤʹͻͺݔସ ൅ ͲǤ͵ͻ͹ݔହ ൅ ͲǤ͹ͺͷ (10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Structural equation models of KIS, high-tech sectors, innovativeness, productivity and growth for (a) developed regions; (b) less 
developed regions. 
Neither model (see Fig. 2) confirms hypothesis 2, so KIS has no direct influence on growth (and its impact 
seems to be even negative), but the mediating role of KIS in the economy is verified. In addition, it is evident 
that less developed regions (group b) have less statistically significant relationships between parameters 
influencing growth, which can cause lesser growth dynamics, but most importantly, growth of these regions 
is not based on high-tech industries, which are widely present in their economies. The reasons for this 
ambiguous influence of KIS on the economy derives from diffusion gaps referring to weak linkages between 
this service sector and other industries (Rodriguez 2013), which are caused by different factors, motivations 
(a) developed regions (b) less developed regions 
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and demand (Desmarchelier et al. 2013). Although their impact on economic growth is still difficult 
to address, since a larger share of KIS in the economy has a positive impact on growth, service specialization 
(KIS_SERV) negatively induces both productivity and growth. Specialization of services can cause wide-
ranging knowledge exchange, and this can be unimportant or even harmful for productivity (Levine & 
Prietula 2012). Other findings about the role of KIS also show some similarities with our survey 
i.e. technological innovation influences productivity more in the less knowledge-intensive service (LKIS) 
sectors (Masso & Vahter 2012). In this group, the reverse process of a growing number of KIS might 
be present, in which a large population density, patent activity and the share of R&D employees significantly 
affect the location decision of foreign KIBS (Marek 2012), which can cause specialization of KIS without 
influencing productivity. In summary, in less developed regions KIS induces growth through innovation 
outputs (hypothesis 3 is fully confirmed) and partially through productivity growth (hypothesis 4 is confirmed 
only as far the presence of KIS in the economy is concerned).  
As far as the developed regions are concerned, only service specialization in KIS induces growth through 
productivity growth (hypothesis 3 is fully confirmed), innovation outputs (hypothesis 4 is partially confirmed, 
because innovations affect only growth, not productivity) and high-tech sectors (hypothesis 5 is confirmed 
only if the industry specializes in high-tech, but a growing share of high-tech in the economy has a negative 
impact on growth). This shows how mature developed regions are and that specialization is the key growth 
factor (which is confirmed also in: Marrocu et al. 2013). 
5. Conclusion 
The aim of the paper was to build a model in which an integrated view of the KIS characteristics could 
be combined with other development factors and all the relations leading to growth could be measured and 
quantified. Application of structural equation modelling (SEM) revealed that KIS played different roles 
in each group: more and less developed regions. The models show KIS is not fully effective in both groups 
of regions and their impact on growth seems insufficient even in developed regions, which is confirmed 
in Pylak and Majerek (2014 (forth.)). Nevertheless, in both models KIS is an engine for economic growth (see 
also Desmarchelier et al. 2013), and development evolutions can be traced. When the region is less 
developed, it is crucial to increase the share of KIS in the economy; in such cases, industry is inefficient 
(relationships with KIS are weak), so KIS influence innovations and productivity in a more direct way. When 
the region is developed, KIS specialization of services becomes valid, while the share of KIS in the economy 
is appropriate. In this state, KIS also plays a key role as a mediator with high-tech industry, inducing growth 
in various ways.  
What is worth noting is that KIS influence innovative performance in both groups, and thus we cannot 
agree with Ferreira et al. (2013) that KIBS are less innovative than non-KIBS companies in organizational 
process innovation, the launch of already existing products in new markets, branding and new product 
designs. These findings are also contrary, in the macroeconomic point of view, to Di Maria et al. (2012) that 
KIBS operating only locally, even in urban areas, limit their innovation capabilities, which suggests 
agglomeration effects do not affect KIBS market extension. In our models a growing market share of KIS 
is correlated with growing number of innovativeness outputs.  
For future research we suggest analyzing KIS deeper, where different kinds of KIS and also LKIS are 
concerned. In addition, we see necessity in analyzing the role of KIS in a long-run term, because according 
to Huang and Ji (2013), although KIBS influence short-run growth of output and consumption, in the long-run 
they do not affect economic growth. In our study, we couldn’t confirm these findings.  
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